ABSTRACT
INTRODUCTION
Depending on rapid urbanization, changes in the life styles and dietary habits cause many diseases (Tapsell et al. 2006 ). Due to their beneficial properties, a large number of medicinal plants and their purified constituents are used for the prevention and treatment of complex diseases, such as cancer, cardiovascular diseases and diabetes (Boffetta et al. 2010; Bernaert et al. 2012; Dziri et al. 2012) . The biological effects of the plants are mainly due to the presence of various bioactive components, such as antioxidants, including phenolics, vitamins, organo-sulfur compounds, volatile sulfur compounds, fatty acids and tocopherols (Ames et al. 1993; CorzoMartinez et al. 2007; Bernaert et al. 2012; RouisSoussi et al. 2014) . Because of potential health benefits and nutritional values, the Allium species, especially onion and garlic have been used in the daily diet by the majority of the world's population (Iciek et al. 2009; Dziri et al. 2012) . There are several studies reporting the important roles of the members of the genus in the prevention and treatment of pathogenic infections, cancers and cardiovascular diseases (Lau 2006; Yeh and Yeh 2006; Islam et al. 2011; Dziri et al. 2012) . Investigations dealing with Allium species have shown that their beneficial properties are associated with the chemical contents. In particular, bioactive constituents namely organosulfur compounds (alliin and γ-glutamylcysteine), volatile sulfur compounds (diallyl sulfide, diallyl disulfide etc.), proteins (lectins), prostaglandins, fructan, vitamins (B1, B2, B6, C and E), polyphenols, fatty acids, and essential oils have been identified in chemical investigations of Allium species (Corzo-Martinez et al. 2007; Dziri et al. 2012) . Among the mentioned constituents, especially polyphenols have been subjected to many studies regarding to their antioxidant, antimicrobial, antifungal, cytotoxic and mutagenic activities (Redzic et al. 2008; Lazarevic et al. 2011; Karuppiah and Rajaram 2012; Simin et al. 2013; Timite et al. 2013; Rezgui et al. 2014; Rouis-Soussi et al. 2014) . Besides their medicinal importance, they have an economic value, depending on their usage in perfume and cosmetic industries, and cultivation as an ornamental plant. The Allium genus (Liliaceae) is widespread in the northern hemisphere and has species diversity. In the northern hemisphere, 700 species have been described as belonging to Allium genus (Tepe et al. 2005 ) and 168 of these are available in Turkish flora (Eker and Koyuncu 2011) . However, 65 species have been reported as endemic to Turkey (Davis 1984; Guner et al. 2000; Tepe et al. 2005 (Genc and Ozhatay 2014) . In Turkey, A. orientale grows in limestone hills and slopes, rocky places, fields and vineyards between 600 and 1870 meters (Davis 1984 
MATERIAL AND METHODS

Plant Material
The aerial parts and bulbs of Allium orientale BOISS, naturally growing plants belonging to the Liliaceae family were collected from Mugla, Turkey. The plant samples were identified by Mehtap Donmez Sahin and the voucher specimen has been deposited in the Herbarium of The Faculty of Education, University of Usak under acquisition number 1603. In the laboratory, the plant samples were air-dried at room temperature for later analysis.
Preparation of the ethanolic extract
The air-dried and powdered plant samples were extracted with ethanol (Merck) using the Soxhlet apparatus. The extract was evaporated and then extracted in ethanol/water (1:1, v/v), and then kept in small sterile opaque bottles under refrigerated conditions until used.
Microorganisms
The in vitro antimicrobial activity of the ethanol extracts of A. orientale was tested against a panel of laboratory control strains from the American Type Culture Collection, Staphylococcus aureus ATCC 25923 and Bacillus subtilis ATCC 6633 (Gram-positive bacteria), Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 (Gram-negative bacteria) and Candida albicans ATCC 10239. All the microorganisms were maintained at -20°C under appropriate conditions and regenerated two times before use. Salmonella typhimurium TA98 and S. typhimurium TA100 were used for the mutation studies and antimutagenicity tests. The strains were analyzed for their histidine and biotin requirement, individually and in combination, rfa mutation, excision repair capability, presence of the plasmid pKM101, and spontaneous mutation rate according to Mortelmans and Zeiger (2000) . Working cultures were prepared by inoculating nutrient broth with the frozen cultures, followed by an overnight incubation at 37°C with gentle agitation (Oh et al. 2008 ).
Determination of MICs
MICs for bacteria were determined by a broth microdilution method with Mueller-Hinton Broth (CLSI 2006 (0.78, 1.56, 3.12, 6.25, 12.5, 25 , 50 mg/mL). Gram-negative bacteria and C. albicans were incubated at 30°C for 18-24 h and 24-48 h, respectively. Other bacterial strains were incubated at 37°C for 24 h. The MIC was defined as the lowest concentration of extract at which no visible growth was observed.
Effect on biofilm formation
The effect of A. orientale extract at concentrations including 1, ½, ¼ and 1/8 MIC on biofilm-forming ability of test microorganisms were tested with a microplate biofilm assay (Merritt et al. 2005) . Briefly, 1% of overnight cultures of test pathogens were added into 200 µL of fresh TSB supplemented with 0.25% glucose and cultivated in the presence and absence of extracts without agitation at 37ºC for 48 h. The wells containing only TSB+cells served as control. After incubation, the wells were washed with water to remove the planktonic bacteria. The remaining bacteria were subsequently stained with 0.1% crystal violet solution for 10 min at room temperature. Wells were washed once again to remove the crystal violet solution. Microplates inverted and vigorously tap on paper towels to remove any excess liquid and air-dried. Two hundred microliters of 95% ethanol and 33% glacial acetic acid (Sigma Chemical Co) were poured in Gram-negative bacterial/C. albicans wells and Gram-positive bacterial wells, respectively. After shaking and pipetting of the wells, 125 µL of the solution from each well was transferred to a sterile tube and volume reached to 1.0 mL with distilled water. Finally, optical density (OD) of each tube was measured at 550 nm (Thermo Scientific Multiskan FC, Vantaa, Finland). Each strain was tested for biofilm production in duplicate and the assay was repeated three times. Replicate absorbance readings for each concentration tested were averaged and the average of the media control was subtracted. This value was then divided by the mean absorbance of the (cell+TSB) and multiplied by 100.
Antioxidant activity DPPH assay
The free radical scavenging activity was performed using the 1,1-diphenyl-2-picryl hydrazyl (DPPH) assay (Yamasaki et al. 1994) . For this, 5.0 μL of the extract {1.25, 2.5, 5.0 and 10 mg/mL in ethanol/water (1:1, v/v)} was added to 4995 μL DPPH solution (0.004%) in ethanol. After incubation at room temperature for 30 min, the absorbance of each solution was determined at 517 nm. Percentage of inhibitions and the concentrations of sample required for 50% scavenging of the DPPH free radical (IC 50 ) were determined. BHT and ascorbic acid were used as positive controls.
β-carotene-linoleic acid method
The total antioxidant activity of the extracts was evaluated by the β-carotene-linoleic acid model (Jayaprakasha and Jaganmohan Rao 2000) . For this, 0.5 mg of the β-carotene in 1.0 mL of chloroform, 25 μL of linoleic acid and 200 mg of (polyoxyethylene sorbitan monopalmitate) were mixed together. The chloroform was completely evaporated using a vacuum evaporator and the resulting solution was diluted with 100 mL of oxygenated water. A 2.5 mL aliquots of this mixture were transferred into different tubes containing 0.5 mL of samples at 3.15 mg/mL concentration in ethanol/water (1:1, v/v). The same procedure was repeated with the positive control BHT, ascorbic acid, and a blank. The emulsion system was incubated for up to 2 h at 50°C. Measurement of the absorbance was continued until the color of β-carotene disappeared in the control. After this incubation period, absorbance of the mixtures was measured at 490 nm. All the determinations were performed in triplicate.
The bleaching rate (R) of β-carotene was calculated using the following formula. R=ln (a/b)/ t where, ln= natural log, a= absorbance at time 0, b= absorbance at time t (120 min). The antioxidant activity (AA) was calculated in terms of percent inhibition relative to the control using the formula AA= [(R Control -R Sample )/R Control ]x100. Antioxidative activity of the extracts was compared with those of BHT and ascorbic acid at 0.5 mg/mL.
Determination of total phenolic compounds
The phenolic constituent of the extracts were determined by the method involving the FolinCiocalteu reagent and gallic acid as a standard (Slinkard and Singleton 1977; Chandler and Dodds 1983) . Two hundreds microliter of extract solution containing 0.1 mg extract was added to a test tube. Then, 100 μL Folin-Ciocalteu reagent was added and tube was shaken vigorously. After 3 min, 2 mL solution of Na 2 CO 3 (0.5%) was added and the mixture was allowed to stand for 2 h with intermittent shaking. Absorbance was measured at 760 nm. Content of phenolic compounds was determined as mg gallic acid equivalents per gram of extract (mg/g GAE extract) using the following linear equation based on the calibration curve: A= 0.0257C, R2= 0.997 where A was the absorbance and C gallic acid equivalents.
Quantification of phenolic compounds by RP-HPLC
Phenolic compounds were evaluated by reversedphase high-performance liquid chromatography (RP-HPLC, Shimadzu Scientific Instruments, Tokyo, Japan). Detection quantification was carried out with a LC-10ADvp pump, a Diode Array Detector, a CTO 10Avp column heater, SCL-10Avp system controller, DGU-14A degasser and SIL-10ADvp auto sampler (Shimadzu Scientific Instruments, Columbia, MD). Separations were conducted at 30°C on Agilent® Eclipse XDB C-18 reversed-phase column (250 mm x 4.6 mm length, 5 μm particle size). The eluates were detected at 278 nm. The mobile phases were A: 3.0% acetic acid in distilled water and B: methanol. For analysis, the samples were dissolved in ethanol: bidistilled water (1:1, v/v), and 20 μL of this solution was injected into the column. The elution gradient applied at a flow rate of 0.8 mL min -1 was: 93% A/7% B for 0.1 min, 72%A/28%B in 20 min, 75%A/25%B in 8 min, 70%A/30%B in 7 min and same gradient for 15 min, 67%A/33%B in 10 min, 58%A/42%B in 2 min, 50%A/50%B in 8 min, 30%A/70%B in 3 min, 20%A/80%B in 2 min 100%B in 5 min until the end of the run. Phenolic compositions of the extracts were determined by a modified method of Caponio et al. (1999) . Protocatechuic acid, (+)-catechin, p-hydroxy benzoic acid, chlorogenic acid, caffeic acid, (-)-epicatechin, benzoic acid, rosmarinic acid, ferulic acid and apigenin were used as standard. Identification and quantitative analysis were done by comparison with the standards. The amount of each phenolic compound was expressed as mg per gram of extract.
Mutagenic and antimutagenic activity Viability assays and determination of test concentrations
Cytotoxic doses of the extracts were determined by the method of Mortelmans and Zeiger (2000) . The toxicity of the extract toward S. typhimurium TA98 and TA100 was determined as described by Santana-Rios et al. (2001) and Yu et al. (2001) . These tests confirmed that there was normal growth of the background lawn, spontaneous colony numbers within the regular range, and no significant reduction in cell survival. Thus, for the concentrations and conditions reported here, no toxicity or other adverse effects were observed.
Mutagenicity and antimutagenicity tests
In this study, the plate incorporation method was used to assess the results of mutagenicity and antimutagenicity assays (Maron and Ames 1983) . The 4-nitro-o-phenylenediamine (4-NPD) at 3.0 μg/plate for S. typhimurium TA98 and sodium azide (NaN 3 ) (8 μg/plate) for S. typhimurium TA100 were used as positive controls and ethanol/ water (1:1, v/v) was used as a negative control in mutagenicity and antimutagenicity tests. In the mutagenicity test performed with TA98 and TA100 strains of S. typhimurium, 100 μL of the overnight bacterial culture, 100 μL test compounds at different concentrations (2.5, 1.25 and 0.625 mg/plate), and 500 μL phosphate buffer were added to 2.0 mL of the top agar containing 0.5 mM histidine/biotin. The mixture was poured onto minimal glucose plates. Histidine independent revertant colonies and viable cells were scored on the plates after incubation at 37°C for 48 or 72 h. For the mutagenicity assays, the mutagenic index was calculated for each concentration, which was the average number of revertants per plate divided by the average number of revertants per plate with the negative control In the antimutagenicity test performed with the same strains, 100 μL of the overnight bacterial culture, 100 μL mutagen, 100 μL test compounds at different concentrations (2.5, 1.25 and 0.625 mg/plate), and 500 μL phosphate buffer were added to 2.0 mL of the top agar containing 0.5 mM histidine/biotin. The mixture was poured onto minimal glucose plates. Histidine independent revertant colonies and viable cells were scored on plates after incubation at 37°C for 48 or 72 h. For the antimutagenicity assays, the inhibition of mutagenicity was calculated by using the following equation (M: number of revertants/plate induced by mutagen alone, S 0 : number of spontaneous revertants, S 1 : number of revertants/plate induced by the extract plus the mutagen): % Inhibition= [(M-S 1 )− (M-S 0 )] × 100. 25-40% inhibition was defined as moderate antimutagenicity; 40% or more inhibition as strong antimutagenicity; and 25% or less inhibition as no antimutagenicity (Ikken et al. 1999; Negi et al. 2003; Evandri et al. 2005 ).
Statistical analysis
All of the experimental results were as mean ±SD of three parallel measurements. The data was entered into a Microsoft Excel database and analyzed using SPSS. The IC 50 values were obtained by the linear regression analysis. Statistical analysis of the total antioxidant activity was performed using the Kruskal-Wallis test.
RESULTS AND DISCUSSION
Minimum inhibitory concentrations of A. orientale extracts were determined by a broth microdilution method. As shown in Table 1 , MIC values of bulb ethanolic extract ranged between 6.25 and 25 mg/mL, whereas the aerial part extract showed the lowest MIC for both the microorganisms, namely, B. subtilis ATCC 6633 and C. albicans ATCC 10239. The aerial parts extract showed the MIC values of 3.125 mg/mL against B. subtilis ATCC 6633 and C. albicans ATCC 10239 while bulb extract showed the MIC values of 12.5 and 6.25 mg/mL, respectively against the same reference strains. Aerial part extracts exhibited MIC values against S. aureus ATCC 25923 (6.25 mg/mL) and both Gram-negative bacteria (P. aeruginosa ATCC 27853 and E. coli ATCC 25922) (12.5 mg/mL). On the other hand, the bulb extract inhibited S. aureus ATCC 25923 with MIC value of 12.5 mg/mL and Gram-negative bacteria with MIC value of 25 mg/mL. MIC results showed that the aerial part extract had higher antimicrobial activity than the bulb's extract. Phenolic compounds possess a considerable antimicrobial capacity against a very large number of human pathogens (Tepe et al. 2005) . The relatively higher antimicrobial activity of the aerial parts extract could be indicative for the presence of some phenolic compounds such as (+)-catechin, apigenin and caffeic acid. Although antimicrobial activities of some Allium species have already been reported (Hannan et al. 2010; Najjaa et al. 2011; Ismail et al. 2013; Bakht et al. 2014) , little attention was paid to their antibiofilm potential (Nidadavolu et al. 2012; Ceylan 2014 ). In the antibiofilm quantification assay, a concentration dependent decrease in biofilm formation was observed in the test microorganisms when treated with the ethanol extracts of A. orientale. E. coli ATCC 25922 was maximally inhibited by the aerial parts extract at a concentration of 12.5 mg/mL to an extent of 68.51%. This ratio was 31.18% on the same bacteria biofilm formation at MIC of bulb extract. At a concentration of 12.5 mg/mL, the bulb's extract (MIC), the mean biofilm formation value was equal to 55.24% for B. subtilis ATCC 6633. The antibiofilm activity of aerial parts extract on B. subtilis ATCC 6633 biofilm formation was observed lower than bulb extract. However, antibiofilm activity results showed that the bulb extract had less effect on biofilms compared with the aerial parts extract. Antioxidant activities of A. orientale ethanol extracts, standard BHT and ascorbic acid are presented in Table 2 . In this, lower IC 50 values indicated higher antioxidant activity. The extracts of the aerial parts and the extract of the bulbs reduced the stable free-radical DPPH with an IC 50 of 42.18 and 148.86 mg/mL whereas IC 50 of standard BHT and ascorbic acid were lower at 0.95 and 0.48 mg/mL, respectively. DPPH test results were in good agreement with previous studies results, which showed that the aerial parts extract provided higher free radical scavenging than the bulb extract (Stajner et al. 2008; Nencini et al. 2011; Rouis-Soussi et al. 2014) . The total phenolic contents in the aerial parts extract using Folin-Ciocalteu's reagent was 120.979 ± 1.05 mg GAE/g. On the other hand, ethanol extract of A. orientale bulbs had less phenolic contents (35.664 ± 0.21 mg GAE/g). The quantitative analysis of the phenolic compounds found in A. orientale ethanol extracts was performed using RP-HPLC, which allowed the separation of ten components (Table 4) . Table 4 showed that seven compounds were in the ethanol extract of A. orientale aerial parts. (+)-catechin, apigenin and caffeic acid were the most abundant in this extract, with the content of 0.148 ± 0.0028, 0.136 ± 0.0032 and 0.124 ± 0.008 mg/g, respectively. In addition, protocatechuic acid (0.096 ± 0.004 mg/g) and chlorogenic acid (0.092 ± 0.0064mg/g) were found in moderate amount.
(-)-epicatechin and ferulic acid were found in low amounts (0.068 ± 0.002 and 0.044 ± 0.0028 mg/g respectively) whereas p-hydroxy benzoic acid, benzoic acid and rosmarinic acid were not detected. Six phenolic compounds were identified in the bulb exract in which caffeic acid (0.176 ± 0.008 mg/g) was in highest amount whereas (-)-epicatechin (0.096 ± 0.002 mg/g), chlorogenic acid (0.076 ± 0.0064 mg/g), apigenin (0.044 ± 0.0032 mg/g) were found in a moderate amount. Ferulic acid and protocatechuic acid were found in low amounts (0.0016 ± 0.0008 and 0.0012 ± 0.0004 mg/g respectively) whereas (+)-catechin, phydroxy benzoic acid, benzoic acid and rosmarinic acid were not detected. Prakash et al. (2007) have reported gallic acid, ferulic acid, protocatechuic acid, quercetin and kaempferol in different varieties of A. cepa from India. Among the identified components, (+)-catechin, apigenin and caffeic acid have been reported for their antioxidant activity (Gulcin 2006; Sharififar et al. 2009 ). The ethanolic extracts, which were tested at three different concentrations, including 2.5, 1.25 and 0.625 mg/plate did not show any mutagenic effect in the mutagenicity assays performed with S. typhimurium TA98 and TA100 (data was not shown). Similar results have been previously reported indicating the mutagenic activity of onion and onion's organosulphur compounds (Shon et al. 2004; Llana-Ruiz-Cabello et al. 2015) . The antimutagenic activity of A. orientale ethanol extracts against 4-NPD and NaN 3 was evaluated by the means of the Ames test using two strains of S. typhimurium, i.e TA98 and TA100. The results were evaluated by using standard plate incorporation method and summarized in Table 5 . The extracts did not inhibit the mutagenicity of sodium azide in S. typhimurium TA100. The results of the present study showed that the extracts only exhibited antimutagenic activity against S. typhimurium TA98, which had a frameshift mutation. In the case of TA 98, a strong inhibitory effect was shown by aerial parts extract at 2.5 mg/plate only. The same extract showed moderate inhibition at 1.25 mg/plate and no inhibitory effect at 0.625 mg/plate. The bulb extract showed the moderate inhibition at 2.5 mg/plate and no inhibitory effects at 1.25 and 0.625 mg/plate. In addition, no extracts showed any antimutagenic activity against S. typhimurium TA100 at the tested concentrations. 
CONCLUSION
The ethanolic extract of the aerial parts of A. orientale exhibited high antimicrobial and antibiofilm activities. Results clearly indicated that the aerial parts extract possessed high ability to scavenge the DPPH and hydroxyl radicals and that the phytochemicals present in A. orientale aerial parts extract had potent antioxidant activity in positive correlation with total phenolic content. All the extracts of A. orientale could be considered genotoxically safe at the tested concentrations. The Ames test revealed that the aerial parts extract exhibited an antimutagenic activity against S. typhimurium TA98. Hence, potential therapeutic compounds isolated from the aerial parts of A. orientale could be preferred as a preventive medication against cancer and in the treatment of bacterial diseases.
